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Therapeutic Potential of Escherichia coli Nissle 1917 in Clinically Remission-attained
Ulcerative Colitis Patients: A Hospital-based Cohort Study

Gyu Man Oh, Won Moon, Kwang Il Seo, Kyoungwon Jung, Jae Hyun Kim, Sung Eun Kim, Moo In Park and Seun Ja Park

Department of Internal Medicine, Kosin University College of Medicine, Busan, Korea

Background/Aims: Escherichia coli Nissle 1917 (EcN) alone therapy is as effective as mesalamine in inducing and maintaining re-
mission in ulcerative colitis (UC). The efficacy and safety of ECN in combination with standard therapies have not been studied.
This study examined the changes in the inflammation markers and symptoms following the additional administration of EcN to
patients showing the clinical remission of UC.

Methods: UC patients who received EcN after being in clinical remission for more than 3 months at Kosin University Gospel
Hospital between 2013 and 2018 were evaluated through the retrospective medical-record-based review. The partial Mayo score,
fecal calprotectin (FC), BMI, hemoglobin, serum cholesterol, serum albumin levels, and the safety profiles were examined at 3rd
and 6th months after initiating ECN.

Results: Ninety-four patients were included. After 3 months of treatment, there was no significant change in FC (156.3 pg/g to
141.1 pg/g) (p=0.653). On the other hand, partial Mayo score decreased significantly from 0.085 to 0.014 (p=0.025), and the
bodyweight (p=0.001), BMI (p<0.001), hemoglobin (p=0.009), and cholesterol level increased (p=0.148). One patient (1.1%) ex-
perienced a serious adverse event with UC flare-up, and 14 patients (14.9%) discontinued EcN due to adverse events; all devel-
oped within 3 months.

Conclusions: Additional administration of EcN to clinically remission-attained UC patients may improve the UC symptoms without
changing the FC levels. EcN-associated adverse events develop within the early few weeks. (Korean J Gastroenterol 2021;77:12
-21)
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INTRODUCTION therapies.” These medications can be added or removed ac-

cording to the patients’ specific symptoms and inflammation

Ulcerative colitis (UC) can be treated with 5-aminosalicylic status. The current treatment goal of inflammatory bowel dis-
acid (5-ASA), thiopurine, and biologics as the standard ease (IBD) is to prevent the surgery and complications that
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could lead to disability.2 To change the natural course of 1BD,
reducing intestinal inflammation before symptom manifes-
tation is important. The treatment priority has shifted from
symptom control to the reduction of inflammation.>®
Nevertheless, in many cases, inflammation is not controlled
sufficiently and high levels of inflammation persist even in
symptomatic remission status.

IBD is characterized by an imbalance of intestinal microbiota,
and the depletion of gut microbiota causes defects in mucosal
healing and chronic mucosal inflammation.® Strategies to ma-
nipulate the microbiome such as diet, probiotics, antibiotics,
and fecal microbiota transplantation can be used therapeuti-
cally to modulate the activity of IBD.” Probiotics are non-patho-
genic, living microbial populations that can increase beneficial
microorganisms in the intestine and have a positive effect
on the balance of intestinal microbiota. This may have a
long-term effect on reducing inflammation during the course
of IBD.2 Among these probiotics, previous studies have shown
that Escherichia coli Nissle 1917 (EcN; Mutaflor, Ardeypharm
GmbH, Herdecke, Germany) is comparable to 5-ASA for the
induction and maintenance of remission in patients with ucH
EcN is a non-pathogenic, Gram-negative bacterium belonging
to the Enterobacteriaceae family and helps maintain intestinal
homeostasis.™ In contrast to other E. coli strains, EcN does
not produce virulence factors and intestinal mucosal damage.

Previous studies of EcN included a small nhumber of UC
patients and only compared EcN with a low dose mesalazine
single treatment.*® Although there has been an increasing
demand for knowledge of the combination therapy of EcN
with standard UC treatments, no study has examined them."

This study examined the changes in UC symptoms, in-
flammation markers, and serologic tests after administering
EcN to clinically remission-attained UC patients at a tertiary
IBD care center in real-world clinical practice.

SUBJECTS AND METHODS

1. Study design

This investigation was an uncontrolled, observational, retro-
spective study using a hospital-based UC cohort. The medical
records of all patients who took EcN and were in a UC ste-
roid-free remission state for at least 3 months at Kosin I1BD
clinics from December 1, 2013, to November 14, 2018, were
reviewed. The definition of UC clinical remission was a partial
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Mayo score (pMS) of 0-1."® Patients with any malignancy,
previously taking other probiotics, and active disease status
were excluded. All patients in remission had routinely visited
every 3 months to evaluate the BMI and pMS, and blood
tests including a complete blood count, liver chemistry, blood
lipid profile, and FC test. The study protocol was approved
by the Institutional Review Board of the Kosin University
Gospel Hospital (IRB No. 2018-11-008).

2. Medication

EcN was taken as one capsule twice daily (2.5><1O9 viable
bacteria per capsule) and required refrigeration (temperature
between +2°C and +87C) for storage. The patients’ current

Table 1. Demographics and Clinical Characteristics of the 94
Patients Included in the Study

Characteristics (n=94)

Sex
Male:female 56 (59.6%):38 (40.4%)
Age (years) 49.90 (23-76)
Duration after diagnosis (years) 6.86 (1-20)
<3 21 (22.3%)
3-6 28 (29.8%)
7-9 27 (28.7%)
10-12 9 (9.6%)
>12 9 (9.6%)
Disease extent according to Montreal
classification®*
Ulcerative proctitis (E1) 27 (28.7%)
Left-sided ulcerative colitis (E2) 30 (31.9%)
Extensive ulcerative colitis (E3) 37 (39.4%)

Body weight (kg) 65.75 (41-93)

BMI (kg/m?) 23.70 (16.85-31.83)
<185 4 (4.3%)
18.5<and <25 58 (61.7%)
25<and <30 29 (30.9%)
30<and <35 3(3.2%)
>35 0 (0.0%)

History of previous steroid medication® 57(60.6%)

Concomitant medication
5-ASA, per-oral 85 (90.4%)
5-ASA, topical agent 42 (44.7%)
Thiopurine 29 (30.9%)
Biologics 0 (0.0%)
None 2 (2.1%)

BMI, body mass index; 5-ASA, 5-aminosalicylic acid.
®Case where 40 mg or more of oral prednisolone had been
administered for at least 1 week.*®
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UC standard medications included mesalamine 4 g daily, aza-
thioprine (adjusting dose according to the patient’s symptoms,
mean 1.01 mg/kg, range 0.22-2 mg/kg), mesalamine 1 g
enema daily, and mesalamine 1 g suppository daily. During
EcN administration, the standard therapies were not changed
except in cases of UC flare-up.

3. Endpoints

The changes in FC levels for the intestinal inflammation,
pMS, body weight, BMI, hemoglobin (Hb), serum total choles-
terol, and albumin levels were examined at the third month
and the sixth month following the administration of EcN to
UC patients. The safety profile of ECN was reviewed to de-
termine the reasons for EcN discontinuation. The reasons of
discontinuations were divided into symptoms change (doctor’'s
suggestion) or individual issues (patient request). The dis-
continuations by the doctor’'s suggestion were classified into
three groups: possible, unlikely, and no association with ECN.
The survival rate of ECN discontinuation was analyzed during
the one-year observation period.
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4. Statistical analysis

The FC, pMS, body weight, BMI, Hb, albumin, and total cho-
lesterol of each patient were compared over time using a
Wilcoxon signed-rank test. This was not to compare the mean
value of the entire group but to compare the individual pa-
tients’ changes after taking EcN. The analysis was conducted
on patients who completed the administration of EcCN until
the next outpatient visit. If the medication was not taken at
the evaluation time point or if blood or stool samples were
not obtained, the missing values were excluded from stat-
istical analysis. The statistical significance was based on the
95% Cl (p<0.05). The Kaplan-Meier curve was drawn by exam-
ining the number of patients who discontinued the EcN treat-
ment during the 1-year observation period. The Statistical
Package for Social Science (SPSS 21, IBM Corp, Armonk, NY,
USA) was used for statistical analysis.

RESULTS

1. Baseline patient characteristics

Ninety-four patients were enrolled in this study. The demo-
graphics and clinical baseline characteristics of the patients
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Fig. 1. Fecal calprotectin over time: the thicker black line in the graph represents the mean value, and the gray lines represent the value for

each patient.

The Korean Journal of Gastroenterology



were as follows (Table 1): 76, 68, and 62 patients underwent
EcN treatment for 3 months, 6 months, and 1 vyear,
respectively. The majority took 5-ASA (n=85, 90.4%) and 29
patients (30.9%) took thiopurine. None of the patients were
taking biologics, and two patients (2.1%) did not take any
standard medication due to the adverse effects of both 5-ASA
and thiopurine before ECN medication initiation.

2. Fecal calprotectin

Fig. 1 presents the changes in FC, in which the image on
the left shows the changes after 3 months in 60 patients,
and the image on the right shows the changes for 6 months
in 50 patients. Initially, the FC level was 156.3 pg/g and de-
creased to 141.1 pg/g at the 3rd month. The number of pa-
tients whose FC decreased was 27 (p=0.653). Fig. 2 shows
the number of patients who demonstrated an FC change >50
ug/g between each time point. Ten patients demonstrated
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a decrease at the 3rd month after initiating ECN treatment.
Thirteen patients demonstrated an increase at the 3rd month
after initiating treatment.

In previous meta-analyses, various cut-off values of FC were

suggested to predict the flare-up of the disease.’®*°

Among
the upper cut-off values suggested, 50 ug/g was the lowest,
and the average value was approximately 150 ug/g. The num-
ber of patients whose FC level was greater than 50 pg/g was
initially 20 and increased to 23 patients at 3 months. The
initial FC level of 12 patients was >150 ng/g at both the
start and the 3rd month. In the group of patients who under-
went EcN treatment for 6 months, the number of patients
whose FC level was greater than 50 pg/g was initially 19
and increased to 21 patients at 6 months.

3. Partial Mayo score
The pMS was assessed in 71 patients at 3 months (Fig. 3).

D Increase more than 50 pg/g
. No change over 50 pg/g
. Decrease more than 50 pg/s
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Fig. 2. Number of patients with fecal calprotectin level >50 pg/g or >150 pg/g, and the number of patients whose fecal calprotectin changed

over 50 pg/g.
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Fig. 3. Partial Mayo score over time.
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Initially, six patients had one point, and 65 patients had zero
points. The pMS of five in 71 patients decreased from one
to zero points (p=0.025). During the 6 months of treatment,
six patients had one point and 53 patients had zero points
at the baseline. After 6 months, four of the six patients de-
creased to zero points, and one patient increased to two points;
one patient had one point, and 53 patients had zero points
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at 6th month (p=0.414).

Seven patients stopped EcN due to a worsening of symp-
toms in the early 3 months, and their pMS at their 3rd-month
outpatient visit was 4.25 points (range 3-8). Even including
the seven patients who stopped the medication at 3rd month
and they had high pMS score, the pMS had decreased
(p=0.031).
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Fig. 4. Weight, BMI, Hb, and albumin level over time. BMI, body mass index; Hb, hemoglobin.
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4. Bodyweight, BMI, Hb, albumin, and serum total cho-
lesterol
Fig. 4 shows the changes in body weight, BMI, Hb, and
albumin. At the 3rd month after initiating ECN treatment, the
bodyweight increased from 66.05 kg to 66.62 kg (p=0.001);
the BMI increased from 23.75 kg/m2 to 23.99 kg/m2
(p<0.001); the Hb increased from 13.95 g/dL to 14.15 g/dL
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08—

Proportion of patients on E. coli Nissle 1917

00—
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(p=0.009), and the albumin level decreased from 4.64 g/dL
to 4.55 g/dL within the normal range (p=0.008). Furthermore,
the serum total cholesterol increased from 185 mg/dL to 190
mg/dL (p=0.148). A similar trend was observed at 6 months.

5. Safety and adherence

Sixty-two of the 94 patients showed compliance with the

I
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I
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Months

Fig. 5. Cumulative probability of continuing E. coli Nissle 1917. Escherichia coli, E. coli.
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Fig. 6. Reasons for Escherichia coli Nissle 1917 (EcN) discontinuation, which were divided into (X, &, @). All adverse events were classified
into three, possible (X), unlikely (A ) association, and not (@) associated with EcN.
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EcN doses for one year (65.96%). Fig. 5 presents the
Kaplan-Meier survival curve, according to the dosing period
of 32 discontinued patients. Fig. 6 outlines the reasons for
EcN discontinuation (n=32), which were divided into the doc-
tor's suggestion (n=20) or the patient’'s request (n=12).

The discontinuations related to the doctor’s opinion were
classified into the following: possible (n=7), unlikely (n=7), and
no (n=6) association with ECN. 1) Seven patients presented
with a pMS >5, were considered to be possibly associated
with EcN treatment, and required the discontinuation of EcN
and the initiation of steroid therapy. One of the seven patient
presented with hematochezia and diarrhea on day 7th after
initiating the EcN treatment requiring hospitalization with intra-
venous steroid therapy. 2) Seven patients presented with ab-
dominal symptoms that were not severe enough to consider
UC flare-up. For these patients, the symptoms were considered
unlikely to be associated with the EcN treatment, but it was
discontinued, and no steroid treatment was needed. 3) The
symptomatic events in the remaining six patients were consid-
ered to be not associated with the EcN treatments.

Most of 12 patients discontinued EcN due to the patient’s
request without adverse events. One patient was lost to fol-
low-up. The other eleven patients discontinued due to the fol-
lowing reasons: the cost burden of EcN (n=6), reluctance to
take many drugs in addition to existing medications (n=3),
and inconvenience in keeping EcN refrigerated (n=2).

DISCUSSION

This study was an uncontrolled, observational, retro-
spective study to examine the changes in inflammation mark-
ers and symptoms following administration of EcN to clin-
ical-remission UC patients in real-world clinical practice. The
FC, pMS, weight, BMI, Hb, albumin, and serum total cholester-
ol were checked to determine the change in intestinal in-
flammation and symptoms after the initiation of EcN. Initially,
94 patients were treated, 76 patients had been on medication
for 3 months, and 68 patients had been on medication for
6 months.

The level of mean FC numerically decreased from 156.3
png/g to 141.1 pg/g during the first 3 months of admin-
istration, but the change for each patient was not statisti-
cally significant (p=0.653). No relationship between the FC
change and EcN treatment was observed in this analysis.

Although there have been previous meta-analyses that re-
ported a positive association between FC and acute ex-
acerbation of UC, there is no clear consensus regarding the
degree of FC increase to confirm the changes in intestinal
inflammation."®?° Although the cut-off value of FC among
these previous meta-analyses studies varied, the minimal
cut-off value was approximately 50 pg/g. Therefore, this
study considered the potential change in intestinal in-
flammation was the change in FC >50 pg/g. In the present
study, only 10 patients showed a decrease in FC >50 pg/g
after 3 months of EcN treatment, whereas an increase in
FC >50 pg/g was observed in 13 patients. The FC of 20 out
of 60 patients was >50 pg/g, while the FC of 12 patients
was >150 pg/g at the baseline. After the first 3 months, FC
was >50 pg/g in 23 patients, and FC was >150 pg/g in 12
patients. Taking EcN does not decrease the FC significantly
and regulate intestinal inflammation, even though the mean
FC level decreased at 3 months.

In previous studies examining the effects of ECN on the
induction and maintenance of remission of UC, the disease
status was assessed using the clinical activity index (CAl) or

. ,10,13,21
the Truelove and Witt score.®*%*3

The pMS was used for
assessment in this present study. The pMS consists of the
stool frequency, rectal bleeding, and physician's global
assessment. Six out of 71 patients had mild UC symptoms
with a pMS of one point. Among the six patients, five showed
improved symptoms, decreasing the pMS to O points at the
3rd month (p=0.025). Of the five patients with a decrease,
four patients showed a decreased stool frequency, and one
patient was in the physician’s global assessment. ECN may
have some benefit for bowel symptoms and life quality in UC
patients.

Currently, the reduction of intestinal inflammation is consid-
ered as an important target for disease control, and the de-
gree of inflammation can be determined by the level of Fc.
Although this study hypothesized that EcN treatment would
reduce inflammation and improve symptoms, the results in-
dicate that there were no notable changes in intestinal in-
flammation as the result of administrating EcN, but only the
improvement of symptoms. The administration of EcN resulted
in improving UC symptoms in only 3 months. The intestinal
flora can change very quickly and is sensitive to even minor
changes, including antibiotic administration.”* In the group
given the 6-month treatment duration, the pMS did not im-
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prove compared to the initial pMS (p=0.414). Thus, pMS after
administering EcN showed improvement within 3 months,
which was maintained for the next 3 months; this improve-
ment was inconsistent.

The body weight and BMI increased gradually after initiat-
ing the EcN treatment. The body weight increased significantly
after 3 months compared to the baseline values (p=0.001).
The BMI also increased at 3 months (p<0.001). Hb increased
at 3 months compared to the baseline values (p=0.009).
Compared to normal subjects, UC patients experienced mal-
nutrition due to persistent intestinal inflammatory conditions

32 Previous studies on the nutritional status

and weight loss.
of patients with IBD showed that weight, BMI, Hb, ferritin,
albumin, and total cholesterol levels were reduced sig-
nificantly which could be used as an index to evaluate the
malnutrition status in these patients. In this study, patients
who received EcN as a combination therapy showed a gradual
increase in weight, BMI, Hb, and total cholesterol which are
general factors associated with the nutritional status. This
suggests that ECN may help improve the patient’s nutritional
status. In addition, as the weight was gained during the ob-
servation period, some patients showed active weight control
through diet and exercise which might helped improve the
patients' overall activity. It has been speculated that stabiliza-
tion of the intestinal barrier due to EcN can decrease nutri-
2526 Weight gain
is important for patients with UC to improve the quality of

tional loss, thereby increasing weight gain.

life, but weight loss in patients with IBD increases the risk
of fractures and compromises immunity.27 Unlike other fac-
tors, it is unique that albumin decreases. Albumin is not only
a result of the amino acid metabolism; it is also an
acute-phase protein that is consumed under inflammatory
conditions.”® For this reason, although EcN was taken, the
intestinal inflammation was not reduced sufficiently, so the
albumin level could be reduced. Follow-up studies will be
needed to clarify these hypotheses.

This study analyzed the adverse events that occurred dur-
ing the observation period. In these cases, however, the caus-
al relationship between taking ECN and symptomatic ag-
gravation is unclear. Fig. 6 presents all records of EcN
discontinuation. Most discontinuation due to gastrointestinal
symptoms occurred less than 3 months after initiating the
EcN treatment. Therefore, if clinicians are concerned about
the side effects of EcN, they should observe the patients for

Oh GM, et al. Therapeutic Potential of E. coli Nissle 1917 inUC 19

the first 3 months after ECN administration. There were no
unexpected or novel side effects of EcN in this study. This
is a similar result to a previous study that ECN was relatively

,10,12,13,1
safe. %101213.15

Among the patients taking EcN, some dis-
continued treatment due to cost issues, reluctance to take
many drugs, and inconvenience in keeping EcN refrigerated.
To improve the compliance of EcN treatment and increase
the potential benefits, clinicians will need to provide repeated
explanations and education to their patients.

In previous studies, the dosage of 5-ASA was relatively low,
and the population sizes were small. Therefore, these pre-
vious studies did not fully address the questions posed by
the current IBD clinicians. As a result, the administration of
EcN alone was rare in clinical settings, except in situations
involving the side effects of 5-ASA and thiopurine.”**" Unlike
previous studies, this study used EcN combined with the cur-
rent standard treatments for UC. In this study, the standard
UC drug that 85 patients took to maintain their remission
was 5-ASA. On the other hand, seven patients took thiopurine
alone due to the side effects of 5-ASA such as pancreatitis,
nausea, and allergic reaction. Two patients took neither 5-ASA
nor thiopurine due to the side effects of pancreatitis caused
by 5-ASA as well as hepatitis and allergic reactions caused
by thiopurine. These two patients underwent EcN treatment
for one year without experiencing any specific adverse events;
EcN may be an additional alternative treatment for maintain-
ing UC remission to patients who experienced side effects
with the standard UC treatments.

The main limitation of this study was the single-center, un-
controlled study design. UC does not have a single mechanism
and is influenced by genetic, geographic, and environmental
factors.* Therefore, a multi-center study with controls is need-
ed to clarify the effects of EcN further. On the other hand,
an attempt was made to overcome these limitations by collect-
ing data from a homogeneous population who maintained re-
mission for at least 3 months and did not change the underlying
UC treatment regimen and dosing of medication from at least
3 months before and during the entire ECN treatment. As
this study only described body weight and BMI, future studies
could investigate the changes in body composition and muscle
proportion in the body.33 FC was analyzed as a biologjcal marker
associated with intestinal inflammation for the treatment of
UC, but there was no significant difference after the EcN
treatment. The endoscopic findings can indicate inflammation
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status and help determine the effects of EcN; further studies

wil
Ec

| be needed to investigate the endoscopic findings with
N therapy.
In conclusion, the administration of EcN to clinically re-

mission-attained UC patients may further improve symptoms

without changing the intestinal inflammation markers. Most

Ec

N-associated adverse events develop within the early few

weeks.
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